Acyl-acyl carrier protein (ACP) thioesterase is the chain-length-determining enzyme in de novo biosynthesis of plant fatty acids. For cloning the gene encoding acyl-ACP thioesterase from Brassica juncea, genomic DNA was used as a template to amplify a 0.7 kb thioesterase fragment in a PCR with the primers designed from the known sequences available in the GenBank. This 0.7 kb fragment was used as a probe to study the expression of the gene in developing seeds and also to screen a genomic library of B. juncea constructed in AEMBL-3 to get the full length of the gene. A 4.0 kb BamHI fragment containing the full gene was finally cloned in a plasmid vector from a recombinant phage clone i5.12 after a series of screening, sub-cloning and Southern hybridization.
Introduction
Plant lipids play a diverse indispensable role in metabolism and development, and the storage lipids (mostly as triacylglycerol) that act as an important energy source for the growth of new seedlings also have many edible and industrial uses. With our understanding of genetic manipulation, interest is being generated in the value addition of oil seed crops for the production of designer oil for food and non-food purposes, and laurate-rich Brassica napus (Laurical R, is already in the field [l] . In order to achieve this objective, the basic need is the understanding of the mechanism of storage-lipid biogenesis and its regulation at the expression level.
B. junrea, commonly known as Indian mustard, is the second most important oilproducing crop in the Indian subcontinent. In order to improve this crop with respect to its nutritional quality and extending its industrial usefulness, cloning and characterization of some Key words: acyl-ACP thioesterase. PCR-assisted cloning.
Abbreviations used: ACP. acyl carrier protein: DAF, days after flowering. 'To whom correspondence should be addressed (e-mail irns-bio(tr'yahoo.com).
The sequence reported here has been submitted to the EMBL database with the Accession Number Aj278479.
967
important genes has been undertaken as a first step towards metabolic manipulation of lipid biosynthesis. Cloning of a gene for 0-3 desaturase has already been done [2] , and here we now report the cloning of the acyl-acyl carrier protein (ACP) thioesterase gene from B. juncea.
Materials and methods
A two-stage cloning strategy was adopted to clone the gene for acyl-ACP thioesterase. First, probes were generated from genomic D N A using a mixed-oligonucleotide PCR strategy [ 3 ] . In the second cloning stage, a genomic library of B. junrea was screened using the probe generated in the first cloning stage and the fragments containing the gene were cloned.
Plant material
Developing seeds of B. juncea cv. Pusa Bold were harvested during the phase of oil accumulation (1 5-60 days) from a crop grown on the farm of the Indian Agricultural Research Institute, frozen in liquid nitrogen and stored at -70 "C. For DNA isolation young green leaves were used.
DNA and RNA isolation
D N A was isolated from the leaf of B. juncea following the cetyltrimethylammonium bromide (CTAB) DNA-extraction method [4] , and it was purified by RNase treatment followed by phenol/ chloroform extraction. Total RNA from the developing seeds at 15, 30, 45 and 60 days after flowering (DAF) was isolated using the borate buffer method [5] .
Generation of a genomic probe
A set of two degenerate primers was designed from the conserved regions of the amino acid sequences of acyl-ACP thioesterase from the available database in the GenBank. A partial genomic sequence was then amplified in a thermal cycler following a standard PCR protocol, keeping the annealing temperature sufficiently high (50 "C) for higher specificity. PCR-amplified product was cloned in T-tailed plasmid vector, pAdvantage (Clontech). T h e cloned fragment was sequenced Biochemical Society Transactions (2000) Volume 28, part 6 using [35S]dATP in a manual sequencer following the method of Hattori and Sakaki [6] . T h e sequences were then compared by BLAST algorithm of GenomeNet for their homology with known thioesterase sequences. This cloned fragment was used as a thioesterase probe.
RNA slot-blot analysis
Total RNA was isolated from hypocotyl, root, leaf and developing seeds (at 15,30,45 and 60 DAF) of B. juncea. Equal amounts of each were transferred to a nylon membrane in a slot-blotting manifold (Schleicher & Schuell) following the instructions of the manufacturer. T h e membrane was used for hybridization with a 32P-labelled thioesterase probe.
Cloning of the thioesterase gene
A genomic library of B. juncea was constructed in IEMBL-3 [2] . T h e library was then screened using the same probe following the procedure of Ausubel et al. [7] . T h e positive genomic clones were sub-cloned into a plasmid vector, pBluescript SK-, and the fragments containing the genes were detected by Southern hybridization as well as by partial sequencing.
Results and discussion
There are two distinct but related classes of thioesterases in plants, termed FatA and FatB, with substrate specificity for C,, ,-ACP and saturated acyl-ACPs of C, o-C,, respectively [8] . Due to their chain-length-determining characteristics, commercial interest drove the cloning of the genes encoding thioesterases from as many as 13 plant families [9] . As B. juncea is one of the most important oil seed crops in India and the regeneration protocol for this crop is well established [lo], the cloning and characterization of a gene for native thioesterase will be useful for creating genetic variability with regard to oil quality. In view of this a thioesterase probe was generated and then used for isolation and cloning of the gene.
T h e acyl-ACP thioesterase probe was generated by PCR amplification with the primers designed from the conserved regions of the known amino acid sequences of thioesterases (SKWM-M N Q D for forward primer and RTQWRKK for reverse primer) and B. juncea genomic DNA was used as a template. A 0.7 kb PCR-amplified fragment was cloned and sequenced, and a homology search was done. It was found to be a part of the thioesterase genomic sequence containing two small introns ( x 100 bp). A good percentage of homology was found with the FatA genes from different species and there was about 94-96 "/, homology with the B. napus genomic DNA and mRNA sequences for the FatA gene (BNDNA-FATA, BPNL2 and BPNL3-GenBank reference numbers), but not a single match was found with the known FatB sequences. This clone was then used as a probe of thioesterase ( F a t A ) for further studies.
T h e probe showed very strong hybridization with all the RNA samples from developing seeds, almost with equal intensity, but no detectable hybridization was found with root, leaf and hypocotyl RNAs (Figure 1 ). This led us to clone the full genomic sequence of thioesterase to harvest the upstream regulatory sequences (promoter) of the gene. This can be used as a potential tool to express a desired gene in developing seeds.
In the second stage of cloning, a B. juncea genomic library was screened with the probe developed in the first stage and three positive clones were selected after tertiary screening (13.11, 15.11 and 15.12). DNA was isolated from these phage clones, insert DNA was digested with different restriction enzymes and a BamHI fragment of about 4.0 kb from clone IS. 12 was selected after Southern hybridization. It was cloned into a 
